• There are often hundreds of alternative technologies: How should the industry (and others who build software) judge what technologies (processes, methods, techniques, guidelines, and tools) are useful for different kinds of developer, performing different kinds of task, on different kinds of system, in different kinds of organisation? • Many achievements have been made in the empirical SE community, but we are still far from generally able to answer this question.
Controlled experiments
One contribution of the empirical SE community is the conducting of experiments to evaluate and compare industrial software engineering technologies Challenge • How do we convince practitioners and managers in industry that the results of controlled experiments are relevant to them?
• The applicability of the experimental results to industrial practices is in most cases hampered by the experiments' lack of realism and scale regarding subjects, tasks, systems and environments, that is, the challenge of achieving external validity • Not aware of suitable taxonomy or classification of these aspects for SE.
State of the art in SE experimentation
• Nevertheless, development tasks in industry usually take longer and are often more complex than is the case in most experiments -a "simple" system (centralised style) or -a "complex" system (delegated style)
Duration of experiments with time measurements

Why that many subjects? Power analysis
Research question:
What is the effect regarding duration, effort and correctness of pair programming for various levels of system complexity and programmer expertise when performing change tasks?
• 2x2x3 fixed-effect analysis of covariance: pair programming (two levels), control style (two levels) and expertise (three levels), resulting in twelve levels/groups Characterising the subject population • The results indicate that there may be significant difference between categories of subjects.
• The performance of the various categories may depend on their relevant education, work experience, the actual task and system, development technology, etc.
• Characterising the level of expertise of a subject is difficult (pretest best alternative?), but necessary to judge the populations to which the results can be generalised • In the survey of 113 experiments, 7 involved both students and professionals. Only 3 measured difference in performance: partly no difference, partly professionals better.
• "The experimental approach is not without limits. First of all, the costs are high and in some cases may become prohibitive. It is clearly impossible to do an experiment with hundreds of professionals, so smaller groups or case studies will have to suffice." • "practitioners are understandably skeptical of results acquired from a study of 18-year-old college freshmen."
"finding 100 developers willing to participate in such an experiment is neither cheap nor easy. … But even if a researcher has the money, where do they find that many programmers?" -4 companies built the system -each spent from 10 to 20 person-weeks How do we get the subjects?
• In all these experiments, we paid the companies ordinary consultancy fees for individuals or fixed price for a whole project
• The experiments listed above cost between €50,000 and €230,000
Hiring consultants
• Difficult to find many experiment subjects employed in an inhouse software development company because the management will prioritize the next release of their product.
• However, most IT consultancy companies don't have such constraints and are contracted to carry out various kinds of assignments.
• We buy a service from consultancy companies like any other ordinary customer.
-They have routines for defining (small) projects with local project management, resource allocation, budgeting, invoicing, providing satisfactory equipment, etc.
How do we get the money?
• At Simula, research and administrative leader is the same person.
• We have relatively few constraints on how we spend the money as long as we can envisage a good research outcome.
• Decided to use 25% of budget for experiments, mainly at the expense of employing a larger number of researchers.
Apply for money to conduct experiments
• Finding the money to fund comprehensive experiments is a matter of politics. I have yet to meet a researcher who has applied to funding bodies for money to pay for professionals to take part in experiments; neither have I.
• In research grants applications, we budget for money for positions, equipment and travel; why not include money for experiments?
• Compared with large projects in other disciplines, e.g., physics and medicine, we are talking about a relatively small amount of money 
Reward mechanisms in SE experiments
Development of SESE
• SESE is built on top of a commercial human resource management system
• SESE is partly being developed by an external company
Practical organisation of large experiments
• Ask for a local project manager of the company who selects subjects according to the specification of the researchers, ensures that the subjects actually turn up, ensures that the necessary tools are installed on the PCs, and carries out all other logistics, accounting, etc.
• Motivate the experiment up-front: inform the subjects about the purpose of the experiment (at a general level) and the procedure (when to take lunch or breaks, that phone calls and other interruptions should be avoided, etc.).
• Ensure that the subjects do not talk with one another in breaks, lunch, etc.
• Ensure the subjects that the information about their performance is kept confidential (both within company and outside).
• Ensure the company that its general performance is kept confidential.
• Monitor the experiment, that is, be visible and accessible for questions.
• Give all subjects a small training exercise to ensure that the PC and tool environment are working properly.
• Ensure the company and subjects that they will be informed about the results of the experiment.
• Provide a proper experiment support environment that is used to set up and monitor the experiment, and collect and manage the experimental data.
Professional Project Manager
Simula Scientific Advisory Board, January 2003: "The recent strategy of paying for professional services, e.g. the implementation of SESE, the analysis of experiments, arranging subjects for experiments, etc. is clearly a good policy and should be continued. However, this does involve a great deal of planning, supervision, interaction and administration. … Taking on public leadership exacerbates these workloads. Dag Sjøberg is in greatest danger from such distracting workloads. It will therefore be worthwhile appointing a project and operations manager, who is sufficiently senior to take the initiative in conducting this work, and to arrange that he or she develops a team that can undertake the planning, external arrangements, conduct, etc. of experiments and can also take a major responsibility for arranging that data is properly curated." 
DES phase 1: Full realism experiment on bidding
• The bidding process consisted of two separate phases:
• In pre-study phase 17 of the 35 bidding companies provided rough non-binding price indications based on a brief, incomplete description of user requirements.
• In the bidding phase, all 35 companies provided bids based on a more complete requirement specification that described a software system with substantially more functionality than the system indicated in the pre-study phase.
• The 17 companies involved in the pre-study phase presented bids that were on average about 70% higher than the bids of the other companies.
• Preliminary theory:
-1) Software clients tend to achieve better price/uncertainty relationships, i.e., better prices, when the requirement uncertainty perceived by the bidders is low.
-2) Software clients should not request early price indications based on limited and uncertain information when the final bids can be based on more complete and reliable information
SIMBID
• 50 companies invited to give a bid. They were found through a search on the web ("Java" and "outsourcing") and information on their web-pages. The size of the companies varied from 3-4 to 1000 employees.
• 30 companies accepted: India (13) Ukraine (4), Russia (3), Pakistan (2), Romania (1), Moldovia (1), Phillipines (1), Thailand (1), Poland (1), Belarus (1) and China (1). 30 companies from 11 countries in Europe and Asia presented their bids.
• 4 companies built the system (each spent from 10 to 20 personweeks)
Related disciplines
Software engineering is typically performed by humans in organisations. Hence, Simula has established research collaborations with disciplines such as psychology, sociology and management.
